ABSTRACT The casuarina moth, Lymantria xylina Swinhoe, is a serious defoliator of hardwood and fruit trees in Taiwan. Currently, overwintering egg mass density is the primary criterion used to monitor the population size of the casuarina moth. We assessed the relationship between casuarina moth egg mass size and the number of eggs per egg mass from two heavily infested sites in central Taiwan. Size parameters (length, width, area, and weight) were measured for each egg mass, and the egg number in each egg mass was counted. Results indicated substantial geographic variation in egg mass size. Regression analyses revealed a positive relationship between mass size (length, width, area, and weight) and the number of eggs per mass, and that weight explains Ϸ98% of the variation in the number of eggs per egg mass. The use of weight and other egg mass density measurements may provide forest and orchard managers with increased accuracy in estimating casuarina moth population size.
THE CASUARINA MOTH, Lymantria xylina Swinhoe (Lepidoptera: Lymantriidae), is a forest pest found in Taiwan, Japan, and India, and on the eastern coast of mainland China (Xiao 1992) . Within Taiwan, this moth is a major threat to casuarian (Casuarina equisetifolia) and acacia (Acacia confusa) forests, natural areas, and fruit tree plantations (Chao et al. 1996) . The number of recorded host plants for this moth includes and most likely exceeds 69 species of trees and shrubs, belonging to 29 families (Chang and Weng 1985, Chao et al. 1996) . Outbreaks of Lymantria xylina infestations have only been found in casuarina plantations; however, serious defoliation of fruit trees has also occurred in several areas (Chao et al. 1996) . Recent infestations of fruit trees and other hardwoods by L. xylina indicate that the potential threat of this moth may be underestimated.
The casuarina moth is a relatively large moth, and is closely related to the gypsy moth, Lymantria dispar, which is a very serious forest pest in North America. Like the gypsy moth, the casuarina moth is univoltine, with eggs laid in light brown setae-covered masses. The casuarina moth also undergoes diapause as a pharate Þrst instar, and eggs hatch in April after an 8-to 9-mo dormancy. Male and female larval stages last Ϸ1.5Ð2 mo and normally have Þve and six instars, respectively. The pupal stage lasts Ϸ2 wk. The adult male emerges Þrst, followed several days later by the adult female. Unlike some races of the female gypsy moth, however, the female casuarina moth does ßy and attracts the male with a sex pheromone (Gries et al. 1999) . Shortly after mating, eggs are deposited in masses.
Because the casuarina moth is a potentially serious defoliator of hardwood and fruit trees in Taiwan, population monitoring plays an important role in management programs. Currently, egg mass density is the primary criterion used to monitor population size (Chao et al. 1996) . However, egg masses are not uniform, and each egg mass may contain 200 Ð1,500 eggs (Chao, unpublished data) . Therefore, the relationship between egg mass density and population size can be unreliable, and result in under-or overestimation of population size. In this study, we assess the relationship between casuarina moth egg mass size and the number of eggs per egg mass to provide a more accurate method to estimate population size.
Materials and Methods
Overwintering egg masses of the casuarina moth were collected from two heavily infested areas in central Taiwan. The Þrst infested area was located around Mingchien, Nan Toa (23Њ49.1ЈN, 120Њ39.3ЈE), at an elevation of 380 m. The vegetation was composed primarily of A. confusa and Sterculia foetida, with Cinnamomum camphora, Thea sinensis, Euphoria longana, and Areca catechu. Most of these are host plants for the casuarina moth (Chao et al. 1996) , and egg masses were found in the branches of most trees. The second infested site was near Erhshui, Chang Hua (23Њ50.0ЈN, 120Њ36.4ЈE), at 84 m of elevation. Vegetation was composed primarily of Euphoria longana, with Alstonia scholaris, Broussonetia papyrifera, Cordia dichotoma, and Terminalia catappa L. At this site, egg masses were primarily found in branches of A. scholaris near stree-tlights. Approximately 200 egg masses were randomly collected from each site.
Because the eggs would be used for multiple experiments, egg masses were Þrst surface sterilized by soaking in 0.1% sodium hypochlorite with 1% Tween 80 solution for 10 min and rinsed under running tap water for 5 min. The egg masses were then air dried in the laboratory. Once completely dried, egg mass size (length, width, and weight) was measured. The length and width of egg masses were measured using vernier calipers, and the areas were calculated. The egg mass weight was measured using an analytical balance to 0.1 mg (Satorius BL 120S). For the assessment of egg number per mass, egg masses were Þrst broken up and hairs removed by rubbing against sticky tape. Individual eggs were counted ,and the total weight of eggs in a mass was recorded.
Student t-tests (PROC TTEST; SAS Institute 1988) were conducted to compare egg mass size and egg number per mass from the two different infested sites. Linear regression analyses were used to relate egg mass size with the number of eggs per mass for egg masses collected from the two infested sites (PROC REG, SAS Institute 1988).
Results
The average egg mass size varied substantially between egg masses collected from Mingchien and Erhshui areas. Generally, egg masses collected from Mingchien were smaller and had fewer eggs per mass than those collected from Erhshui (Table 1) . The average egg mass length was similar for egg masses collected from the two infested sites. However, the average width and weight of egg masses varied by 1.2-and 1.5-fold, respectively. After dehairing, both egg number and total egg weight per mass varied signiÞ-cantly between egg masses collected from the two infested sites (Table 1) . Total weight and egg number per mass varied by 1.2-and 1.5-fold, respectively, between egg masses collected from Mingchien and Erhshui.
Correlation and linear regression analyses of egg mass size parameters versus egg number per mass revealed positive relationships. For egg masses collected from Mingchien, signiÞcant and positive relationships were found between egg mass length and width and the number of eggs per mass ( Fig. 1 ; Table  2 ). A more signiÞcant relationship was found between egg mass area and the number of eggs per mass ( Fig.  1 ; Table 2 ). However, the strongest and most positive relationship was found between the weight of the egg mass and the number of eggs per mass ( Fig. 1 ; Table  2 ). Similar to the results from Mingchien, egg mass size (length and area) was also positively correlated with the number of eggs per mass for egg masses collected from Erhshui ( Fig. 1; Table 2 ). Egg mass width, however, did not show a strong positive relationship with the number of eggs per mass ( Fig. 1; Table 2 ). The most signiÞcant relationship was again found between egg mass weight and the number of eggs per mass ( Fig.  1; Table 2 ). Overall, our results suggest that egg mass weight explains virtually all the variation in the number of eggs per egg mass (r 2 Ͼ 0.977, P Ͻ 0.001).
Discussion
This study clearly demonstrated that egg mass size has a signiÞcant relationship with egg number per mass for the casuarina moth. Egg mass weight appears to be the best predictor of the number of eggs per egg mass. Egg mass sizes from both collection sites differed signiÞcantly. Egg masses from Mingchien were mostly smaller and had fewer eggs per mass than those from Erhshui. This difference may be related to the population size of the casuarina moth, natural enemy infection, and host plant quality. For example, in gypsy moth, population density plays an important role in determining egg mass size (Bess 1961 , Campbell 1978 , Williams et al. 1990 ). High larval populations resulted in competition for limited resources, which prevented larvae from obtaining their optimal size. Small larvae will turn into small adults, which consequently produce small egg masses (Bess 1961 , Campbell 1978 , Williams et al. 1990 ). Williams et al. (1990) showed that the egg mass size of the gypsy moth of the current generation was negatively related to the density in the previous generation. Our recent survey also revealed that egg mass density was higher in Mingchien than in the Erhshui area during previous years (Hwang, unpublished data). Therefore, the egg masses collected from the Mingchien area were smaller than those collected from the Erhshui area.
In addition to the population size of the casuarina moth, other factors may also affect egg mass size. A recent study has indicated that gypsy moth larvae exposed to a sublethal nucleopolyhedrovirus infection resulted in smaller pupae and adults that laid fewer eggs (Myers et al. 2000) , possibly because of the reduction of fat and other nutrients available for offspring production or through other physiological costs (Burand and Park 1992, Myers and Kukan 1995) . Moreover, host plant quality can be another key determinant of the fecundity of herbivorous insects (Awmack and Leather 2002) . Both nutritional and defensive components had effects on gypsy moth larval performance, and in turn may have affected adult fecundity (Lindroth et al. 1991 , Keena et al. 1995 , Govenor et al. 1997 , Markovic et al. 1997 , Lazarevic et al. 1998 . Likewise, host plant quality of the casuarina moth may also have an effect on larval performance and adult fecundity.
Egg mass density has been the primary criterion in estimating population size for insect herbivores ovipositing eggs in masses because egg masses are easier to locate and count over a longer period of time than other life stages (Carter et al. 1994 , Ravlin et al. 1987 ).
Varied egg mass sampling plans have been developed for gypsy moth management programs (Williams et al. 1990 , Liebhold et al. 1991 , Carter et al. 1994 , Buss et al. 1999 ; at least 13 different egg mass sampling protocols have been developed (Ravlin et al. 1987 , Liebhold et al. 1991 , Carter et al. 1994 , Buss et al. 1999 . Currently, egg mass density surveys are also used to monitor the population sizes and dispersion of the casuarina moth in Taiwan (Chao et al. 1996) . Although egg mass surveys have been used as the main sampling procedure to predict subsequent defoliation by the gypsy moth and the casuarina moth, the results of egg mass density surveys may not accurately estimate the population size. The relationship between egg mass density and the actual population size is not known. Egg masses contain varied egg numbers per mass, and each mass may contain Ϸ200Ϸ800 and 200Ϸ1,500 eggs for the gypsy moth and the casuarina moth, respectively. It is almost impossible to accurately estimate population size by the current sampling methods. Our results, however, reveal that by measuring egg mass weight, the number of eggs per egg mass can be easily and accurately predicted. The use of egg mass weights together with other egg mass density measurements may provide managers with an accurate estimation of population size never before realized. 
